We examined how feedback delay and stimulus offset timing affected declarative, rule-based and procedural, information-integration category-learning. We predicted that small feedback delays of several hundred milliseconds would lead to the best information-integration learning based on a highly regarded neurobiological model of learning in the striatum. In Experiment 1 information-integration learning was best with feedback delays of 500 ms compared to delays of 0 and 1000 ms. This effect was only obtained if the stimulus offset following the response. Rule-based learning was unaffected by the length of feedback delay, but was better when the stimulus was present throughout feedback than when it offset following the response. In Experiment 2 we found that a large variance (SD = 150 ms) in feedback delay times around a mean delay of 500 ms attenuated information-integration learning, but a small variance (SD = 75 ms) did not. In Experiment 3 we found that the delay between stimulus offset and feedback is more critical to information-integration learning than the delay between the response and feedback. These results demonstrate the importance of feedback timing in category-learning situations where a declarative, verbalizable rule cannot easily be used as a heuristic to classify members into their correct category.
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Introduction
Feedback is critical to learning, and its importance has been demonstrated across a variety of domains (Butler, Karpicke, & Roediger III, 2007; Butler, & Roediger III, 2008; Butler & Winne, 1995; Hattie & Timperley, 2007; Maddox, Ashby, & Bohil, 2003; Maddox & Ing, 2005; Metcalfe, Kornell, & Finn, 2009; Pashler, Cepeda, Wixted, & Rohrer, 2005; Smith & Kimball, 2010) . We receive feedback on educational tests, job performance, athletic endeavors, and social interactions. We also receive feedback for simple, mundane actions like unlocking a car door, clicking an icon on a computer, or issuing a command to a smart phone. Feedback can be presented in a variety of different ways, and there can be subtle differences in the properties of the feedback we are presented with as well as the properties of the environment in which feedback is given.
In this work we examine how feedback timing affects rulebased and procedural forms of perceptual category learning by deriving predictions from a prominent neurobiological theory of learning in the striatum. We first review work on the neurobiology of learning in the striatum that suggests that feedback timing is critical for procedural learning. We then present the perceptual category-learning paradigm we use to test our predictions derived from this theory, and results from three experiments that suggest that feedback and stimulus offset timing is critical for optimizing procedural forms of learning.
The neurobiology of procedural learning
Neurobiological models of procedural learning assume that medium spiny cells in the caudate nucleus link large groups of visual cortical cells associated with specific regions of perceptual space with abstract motor programs in supplementary motor areas associated with specific responses (e.g. Alexander, DeLong, & Strick, 1986; Ashby, Alfonso-Reese, Turken, & Waldron, 1998; Ashby & Ell, 2001; Ashby & Waldron, 1999; Maddox & Ashby, 2004; Wilson, 1995) . These stimulus-response connections are strengthened by dopamine reward signals from the substantia nigra pars compacta and this leads to long term potentiation (LTP) of the medium-spiny cell synapses in the caudate (e.g. Wickens, 1993; Wickens & Kotter, 1995) . In category-learning the feedback that follows the response induces the dopamine reward signal, but long term potentiation also depends on increases in intracellular calcium concentration. These increases are triggered by the response
